I present a review of X-ray and mid-IR surveys for Compton-thick Active Galactic Nuclei (AGN). These are the most highly obscured sources having hydrogen column densities > 1.5 × 10 24 cm −2 . Key surveys in the local Universe are presented including the high energy SWIFT/BAT and INTEGRAL surveys, mid-IR and also optical surveys. Recently, deep X-ray surveys with Chandra and XMM-Newton have produced a number of candidate Compton-thick AGN at higher redshift primarily in the Chandra Deep Field South region. In addition, mid-IR surveys with Spitzer have helped to develop novel complementary techniques for the selection of Compton-thick AGN. The mid-IR techniques used to identify Compton-thick AGN include: a) 24 µm excess sources relative to their optical emission b) Spitzer spectroscopy for the detection of high optical depth Si 9.7µm absorption features c) low X-ray to 6µm luminosity ratio.
Introduction
The deep X-ray Universe has been probed at unparalleled depth thanks to the Chandra mission. The deepest Chandra X-ray surveys revealed an AGN sky density above 10.000deg −2 (Alexander et al. 2003 , Luo et al. 2008 , probing a flux limit of f 2−10 keV ≈ 5 × 10 −17 erg cm −2 s −1 (for a review of X-ray surveys see Brandt & Hasinger 2005) . In contrast, the optical surveys for QSOs reach sky densities of about few hundred per square degree at a magnitude limit of B = 22mag (e.g. Wolf et al. 2003) . Therefore, hard (2-10 keV) X-ray surveys have provided so far the most powerful method for the detection of AGN.
However, even the efficient hard X-ray surveys may be missing a substantial fraction of the most heavily obscured sources, the Compton-thick AGN, which have column densities > 10 24 cm −2 . At these high column densities, the attenuation of X-rays is mainly due to Compton-scattering rather than photoelectric absorption. Although there are only a few dozen of Compton-thick AGN identified in the local Universe, (for a review see Comastri 2004) , there is concrete evidence for the presence of a much higher number. The peak of the X-ray background at 20-30 keV (Frontera et Ballantyne et al. 2011) . Additional evidence for the presence of a numerous Compton-thick population comes from the directly measured space density of black holes in the local Universe (Soltan1982). It is found that this space density is a factor of 1.5-2 higher than that predicted from the X-ray luminosity function (Marconi et al. 2004 , Merloni & Heinz 2008 , although the exact number depends on the assumed efficiency in the conversion of gravitational energy to radiation.
In this paper, we present a brief review of Compton-thick AGN. We start from X-ray spectroscopic results of nearby compton-thick AGN. We then discuss X-ray surveys for Compton-thick sources in both the local universe (z<0.1) as well as deep X-ray surveys which probe moderate redshifts where the bulk of the X-ray background is produced.
X-ray spectroscopy of Compton-thick AGN
When the absorbing column exceeds 10 24 cm −2 , the attenuation in X-ray wavelengths is because of electron scattering rather than photoelectric absorption. The main characteristics of a Compton-thick spectrum are: a) a flat spectrum with Γ ∼ 1 at energies below 10 keV. This originates in reflection on the back-side of the obscuring screen (George & Fabian 1991, Matt et al. 2004 , Murphy & Yaqoob 2010 . The flat spectrum is due to the combination Compton down-scattering of high energy photons to lower energies and subsequent photoelectric absorption. b) an F eKα line with large equivalent width, usually of the order of 1keV (e.g. Fukazawa et al. 2011 ); note however, that there are some exceptions of Compton-thick AGN with a small F eKα equivalent-width: e.g. Mrk-231 with an equivalent width of ∼ 300eV (Braito et al. 2004 ). c) An absorption turnover at energies above 10 keV, with the exact cut-off energy depending on the column density. NGC1068 represents an extreme case study of a Compton-thick AGN. This is one of the nearest AGN at a redshift of z = 0.038. It has a column density of about 10 25 cm −2 as derived from BeppoSAX observations (Matt et al. 2004 ). At such high column densities (> 5×10 24 cm −2 ), the transmitted component is totally blocked by the obscuring material. The observed X-ray flux, arising from the back-side of the obscuring screen, is diminished by almost two orders of magnitude. NGC3079 is another example of a Compton-thick AGN. This is mildly Compton-thick having a column density of ∼ 2 × 10 24 cm 
Mid-IR selected AGN
Brightman & Nandra (2011) present XMM-Newton X-ray spectra for 126 sources from the 12µm sample of Rush et al. (1993) . This sample contains 893 mid-IR selected local galaxies of which about 10% are AGN. There are 12 Compton-thick AGN in this sample according to the X-ray spectroscopic criteria, resulting in a fraction of Compton-thick AGN of about 20%. 
Deep X-ray surveys
The deep surveys with Chandra and XMM provided the opportunity to search for Compton-thick AGN, mainly through X-ray spectroscopy, at faint fluxes and moderate redshifts (z ∼ 0.7 − 1) where the bulk of the X-ray background is produced. The population synthesis models (Gilli et al. 2007) . pn and MOS data are plotted as circles and squares, respectively. The spectra were mildly rebinned for plotting purposes.
Kα line is considered as additional evidence of heavy, Comptonthick obscuration.
We present the XMM-Newton spectral analysis of two objects from the parent sample described above: CXOCDFSJ033218.3-275055 at z=1.53 and CXOCDFSJ033229.8-275106 at z =3.7 (XID 153 and XID 202, respectively, in the numbering scheme of Giacconi et al. 2002) . The former is the brightest X-ray source of the Chandra sample of candidate CT AGN, while the latter is the highest redshift heavily obscured AGN known to date in the CDF-S (Norman et al. 2002) .
For each individual XMM orbit, source counts were collected from a circular region of 15 arcsec radius, centered on the source position. Local background data were taken from a nearby region, where no source is found in the full exposure image or in the Chandra 2 Ms observations. The area of the background region is larger than the source region by a factor of 1.7. The spectral data from individual exposures were summed up for the source and background, respectively, and the background subtraction was made assuming the common scaling factor for the source/background geometrical areas. pn spectra are extracted in the 0.5-7.8 keV energy range to avoid the strong ∼ 8 keV Cu line. Above ∼ 8 keV, the signal-to-noise ratio decreases rapidly for relatively faint sources. MOS spectra are extracted in the 0.5-9 keV range. X-ray photons in the 1.2-1.8 keV range in the MOS are discarded to avoid instrumental background features and in particular the ≈ 1.5 keV Al line. MOS1 and MOS2 spectra are summed. Response and effective area files were computed by averaging the individual files for each orbit. pn and MOS spectra were rebinned requiring at least 30 net counts per channel and fitted simultaneously leaving the normalization free to vary. The pn count spectra are shown in Figure 2 . There is no clear evidence of significant flux or spectral variability between observations taken a few years apart. Variability studies on shorter timescales are hampered by the limited counting statistic.
Spectral fits are first performed with a single power law plus a Gaussian line. This modeling is purely phenomenological and meant as a guide for more complex fits, which are summarized in Table 1 . We consider either a reflection-dominated continuum or a power law plus intrinsic absorption, partially or totally covering the central source. In all fits a narrow (below the intrinsic instrumental energy resolution) iron line at ∼ 6.4 keV is included. Errors are quoted at the 1σ confidence level for one parameter of interest.
CXOCDFSJ033218.3-275055 (XID 153) z=1.53
The pn exposure time is about 1683 ks, after flare screening while the average MOS exposure time is about 2618 ks. The net counts in the 0.6-7 keV energy range are ≈ 1480. A fit to the joint pn and MOS spectra with a single power law returns an extremely hard (Γ = −0.44 ± 0.13) continuum slope. No useful spectral data can be obtained for the MOS below ≈ 2.5 keV. Line emission is clearly present (Fig. 2) and is best fitted by a neutral (E=6.35±0.04 keV), strong (rest-frame equivalent width of 2330±520 eV) iron Kα line. The fit quality is statistically acceptable (χ 2 /do f =36.7/39). A reflection-dominated continuum (pexrav model in xspec assuming a face on geometry for the reflector with respect to the illuminating source, a cut-off energy of 200 keV for the primary continuum, and solar abundances) plus a Gaussian line well describes the observed spectrum. The intrinsic power law slope (Γ ∼ 1.5) is within the range typical of Seyfert galaxies (i.e. Nandra et al. 1994). The iron line best-fit energy ( 6.4 keV) and equivalent width ( 1.16 keV) are typical of reflection from cold matter ( Table 1) .
Even though a statistically acceptable fit (χ 2 = 32.7/38) is obtained with an absorbed power law (plcabs model in xspec), the continuum slope is extremely hard (see Table 1 ) and unphysical. The flat slope, coupled with the lack of a significant photoelectric cut-off, mimics a reflection-dominated spectrum, which is then considered the best-fit solution. There is no need for additional components to model the soft X-ray continuum (see Fig. 2 and § 3.2). The observed 2-10 keV X-ray flux is about 6.1 ×10 −15 erg cm −2 s −1 , and the corresponding luminosity in the 2-10 keV rest-frame is ≈ 1.8 × 10 43 erg s −1 .
CXOCDFSJ033229.8-275106 (XID 202) z=3.70
The pn exposure time is about 1892 ks, after flare screening while the average MOS exposure time is about 2720 ks. The source net counts in the 0.4-7.5 keV energy range are ≈ 1340. A flat slope (Γ = 0.42 ± 0.10) is obtained with a single power-law fit to the joint pn and MOS spectra. A strong (EW=1360±400 eV) iron line is clearly detected at a rest frame energy consistent with neutral or mildly ionized iron (E = 6.55 ± 0.13 keV). The fit quality is marginally acceptable (χ 2 /do f =69.7/44) and is not improved by more complex models for the continuum such as a reflection-dominated spectrum or an absorbed power law (Table 1) . In both cases, positive residuals at low energies are present (Fig. 2) . If a soft component, modeled with a steep power 
Mid-IR surveys
The mid-IR wavelengths have attracted much attention for providing an alternative way to detect heavily obscured systems. This is because the absorbed radiation by circumnuclear dust is re-emitted in the IR part of the spectrum ), rendering heavily obscured AGN copious mid-IR emitters. In such systems, the 2-10 keV X-ray emission can be diminished by almost two orders of magnitude (Matt et al. 2004 ), while at the same time the isotropic mid-IR emission remains largely unattenuated.
X-ray to mid-IR luminosity ratio
The presence of a low L X /L 6µm luminosity ratio has been used as the main instrument for the selection of faint Compton-thick AGN which remain undetected in X-rays (e.g. Alexander et al., 2008; Goulding et al., 2011) . This is because the 6µm luminosity is considered as a good proxy of the AGN power, as it should be dominated by very hot dust heated by the AGN (e.g. Lutz et al., 2004) . At these wavelengths, the contribution of the stellar light and colder dust heated by young stars should be minimal. Georgantopoulos et al. (2011d) have assessed the efficiency of the X-ray ratio method, estimating the percentage of Compton-thick AGN among the low L X /L 6µm sources. They used a sample of local AGN, the IRAS 12µm sample of Rush, Malkan & Spinoglio (1993) . For this sample excellent quality X-ray spectroscopic observations are available (Brightman & Nandra, 2011) , and hence there is a priori knowledge on which objects are Compton-thick. The L X /L 6µm diagram for the nearby sources is shown in Fig. 3 . The X-ray luminosity is uncorrected for obscuration, while the 6µm luminosity includes both the torus and the star-formation component. Most (ten out of eleven) of the sources classified as Compton-thick on the basis of X-ray spectroscopy lie in the Compton-thick regime. However, many more sources (twelve) that are not Compton-thick, according to the XMM-Newton Xray spectroscopic diagnostics, would be classified as candidate Compton-thick AGN on the basis of the low L X − L 6µm ratio.
In addition, the above authors select candidate Compton-thick AGN among the low L X /L 6µm AGN in the CDF-S. In this field both Chandra (4Ms) and XMM (3Ms) data are available, rendering it the most well observed area in the X-ray sky. They cannot confirm that a large fraction of the low L X /L 6µm CDF-S sources are Compton-thick on the basis of the X-ray spectroscopy. Nevertheless, these sources are highly obscured, having column densities above 10 23 cm −2 . Most importantly, they found that the two bona-fide Compton-thick sources from Comastri et al.
(2011) do not appear to have a low L X /L 6µm ratio. This suggests that the Xray to mid-IR luminosity cannot be used on its own to reliably classify sources as Compton-thick, casting doubt on the efficiency of this method. have compiled X-ray spectroscopic observations, available in the literature, on the optically-thick (τ 9.7 µm > 1) sources from the 12 µm IRAS Seyfert sample. They find that the majority of the high-τ optically confirmed Seyferts (six out of nine) in the 12 µm sample are probably Compton-thick. Thus, there is direct evidence of a connection between mid-IR optically-thick galaxies and Compton-thick AGN, with the success rate being close to 70% in the local Universe. However, this technique cannot provide complete Compton-thick AGN samples, i.e., there are many Compton-thick AGN that do not display significant Si absorption, with the most notable example being NGC 1068. In addition, Georgantopoulos et al. (2011c) have constructed a sample of candidate Compton-thick AGN at higher redshifts. This consists of seven high-τ Spitzer sources in the Great Observatories Origins Deep Survey (GOODS) and five in the Spitzer First-Look Survey. All these have been selected to have no PAH features (EW 6.2µm <0.3µm) to maximise the probability that they are bona-fide AGN. Six out of the seven GOODS sources have been detected in X-rays, while for the five FLS sources only X-ray flux upper limits are available. The high X-ray luminosities (L X > 10 42 erg s −1 ) of the detected GOODS sources corroborates that these are AGN. For FLS, ancillary optical spectroscopy reveals hidden nuclei in two more sources. SED fitting can support the presence of an AGN in the vast majority of sources. Unfortunately, owing to the limited photon statistics, no useful constraints can be derived from X-ray spectroscopy. Therefore the efficiency of the high-τ method for finding Compton-thick AGN at high redshift remains uncertain.
Compton-thick AGN in sub-mm galaxies
The first extragalactic surveys at 850 µm with the SCUBA detector on the JCMT telescope revealed a population of numerous luminous high redshift sub-millimeter galaxies or SMGs (see Blain et al. 2002 , Maiolino 2008 ). Sub-mm surveys are very efficient in detecting distant galaxies because of the negative K-correction at submm wavelengths which counteracts the dimming of light with increasing distance. The above results suggest that the intense star-formation goes hand-in-hand with supermassive blackhole growth. Laird et al. (2010) presented an analysis of 35 SMGs in the CDFN with sub-arcsec positions either from radio or Spitzer counterparts. Their X-ray spectra and low X-ray luminosities reveal that a dominant AGN contribution is only required in only seven sources, or 20% of the SMG sample. Georgantopoulos et al. (2011b) studied the X-ray properties of the 126 sub-mm sources of the LABOCA survey in the area of the CDF-S and extended CDF-S. They find 14 sources detected in X-rays. The X-ray luminosities and spectra suggest that most of the sub-mm -X-rays associations (10/14) host an AGN while in four sources the X-ray emission could possibly originate from star-forming processes. Hence, the fraction of X-ray AGN among the LABOCA SMG sample in the area of the CDF-S is at most 26±9%. Only six of the X-ray sources show large amounts of absorption, N H > 10 23 cm −2 , while there is no unambiguous evidence that any of these is associated with a Compton-thick source. Finally, they argue that Compton-thick AGN do not even lie among the SMGs undetected at X-ray wavelengths. X-ray stacking analysis of the undetected SMGs reveals a signal with a relatively soft spectrum which is more suggestive of a SFR galaxy population.
